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(57) ABSTRACT

A long range laser illuminator is disclosed that is suitable for
providing illumination for camera systems at ranges up to
approximately 20 km. The illuminator incorporates a diverger
that allows for a compact, low F-number optical arrangement
that improves eye safety by reducing the power density across
a primary optical element, such as a spherical or parabolic
mirror. The diverger may be located at an end of an optical
fiber feed, or between a pair of optical fibers. The diverger
may incorporate a diffuser, such as a “top hat” diffuser. The
optical fiber feeds may be highly multi mode, to provide fora
more even illumination. The illuminator incorporates means
for altering a focus of the output light beam, to allow an
illuminated spot size to be altered. The illuminator is particu-
larly suitable for use at night, where it may be used alongside
a camera system.
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1
LASER ILLUMINATOR

This invention relates to illumination systems. More par-
ticularly, it relates to illumination systems adapted to provide
remote illumination over relatively large distances in support
of' camera or other observation systems, or of human observ-
ers.

Video cameras used for monitoring purposes often have
long focal length lenses attached thereto, enabling them to
provide useful images of objects located some distance away.
Inbright, daytime conditions it is relatively straightforward to
provide a camera and lens arrangement that is capable of
receiving sufficient light to generate good quality images.
During night time conditions other techniques have been
developed.

One such method is the use of image intensifier systems
that act to amplify any light received such that it may be
detectable by a camera system. Another common technique is
to use a camera and lens system that is sensitive to thermal
infra-red radiation. Infra-red radiation is generally given off
by objects even in what would otherwise be thought of as
complete darkness. This is due to the different physical tem-
peratures and emissivities of different objects providing dif-
fering amounts of IR radiation from a scene.

Both of these methods are useful in many different sce-
narios. However they each have limitations to their effective-
ness, especially at long ranges where it is required to resolve
fine detail within the scene. The long focal length lenses
required to provide sufficient magnification together with the
physical constraints on their input aperture size result in much
lower illumination levels on the systems’ sensors than can be
achieved when operating at short range.

For example, a typical image-intensified camera with a 40
degree field of view and relative aperture of F1 can provide a
useable image at a scene illumination level of 0.001 Ix,
equivalent to clear starlight with no moon. A typical long
range lens with a relative aperture of F10 requires 100 times
as much light (i.e. 100 mlx) to produce the same quality
image. This is equivalent to the illumination of a full moon.

Ambient night time illumination from the moon and stars is
often therefore insufficient to produce the required image
quality.

The use of detectors sensitive in the thermal Infra Red
bands has other problems. The effect of diffraction at the
wavelengths involved (typically 10 um) restricts the resolu-
tion to a lower level than can be achieved in the visible or near
infra red (NIR).

Furthermore, high resolution thermal sensors and their
associated lenses are much more costly than their visible and
NIR counterparts. The thermal imager is largely dependent
on a temperature difference between a target and its back-
ground. For objects which do not generate any heat this ther-
mal contrast may be very low indeed.

An additional problem for high sensitivity cameras of any
type is their limited dynamic range, i.e. their limited ability to
cope with a scene having a wide range of brightness levels,
particularly where it is required to view image detail in the
dark parts of the scene adjacent to very bright areas.

A solution to both the problems of insufficient ambient
illumination and excessive contrast is to illuminate the area
under observation. This has the effect of decreasing the
dynamic range of the scene and, if sufficient illumination is
provided, will mean that a standard visible or NIR camera
may be used with much greater success. The level of addi-
tional illumination required will depend on the sensitivity of

15

20

25

35

40

45

55

60

2

the image sensor. Since it generally desirable to supply as
little illumination as possible it remains preferable to use a
camera of high sensitivity.

An example of device which can illuminate a scene at long
range from the position of the observer is the IZLID from
www.bemeyers.com. This uses a high power laser source
directed towards a focusing lens to generate a localised illu-
mination region on a target of interest. The diameter of the
lens is relatively small, which means that the light from the
laser is concentrated in a relatively small area. Consequently
such systems have difficulty passing current eye safety
requirements should the target of interest be people, or if a
person walks in the path of the illumination beam.

One solution to the problem is to increase the diameter of
the lens, so that the light emitted by the illuminator is spread
over a greater area. This reduces the optical power density
(i.e. the power per unit area), and so will be safer should
someone look into the beam. It has been found that it is
difficult to provide a larger aperture in a compact device while
still maintaining a relatively even illumination over the aper-
ture. It has also been problematic to construct an illuminator
that is able to produce an illuminated zone at varying ranges
that has a relatively even illumination across the zone.

U.S. Pat. No. 6,431,731 discloses a laser device and
method for producing a diffuse, divergent beam. A divergent
beam so produced may be eye safe beyond a certain range, i.e.
where the beam has diverged sufficiently to drop its power
density below a safe threshold. At close ranges however, and
in the extreme where a person adjacent the device looks
straight into the beam, there is a significant risk that the
average power density may be higher than safe limits.

It is an object of the present invention to produce an illu-
minator having improved eye safety that at least mitigates
some of the disadvantages of the prior art.

According to the present invention there is provided a long
range illuminator, the illuminator comprising a laser source
having a laser power output, an optical feed and a primary
optical element having an associated optical area, wherein the
optical feed is arranged to transfer a light beam from the laser
and provide it to the primary optical element to produce an
illuminator output,

characterised in that the optical feed comprises of a first

optical fibre and a beam diverger, the diverger compris-
ing at least a light diffuser, the diverger being arranged to
generate, at an output of the optical feed, a cone of light
to the primary optical element of a substantially uniform
density across the optical area.

By incorporating a diverger in the optical feed the focal
length of the illuminator, and hence the F-number, is reduced,
facilitating a compact (in terms of length), eye-safe design.
The position of the diverger, coming before the primary opti-
cal element, along with a suitable choice of laser power output
and primary optical area, allows the illuminator to provide an
output that is more uniform across the primary optical ele-
ment, and hence reduces the chance of “hot spots” in the
illumination at the output of the illuminator causing problems
relating to eye safety. Variations in illumination intensity can
make some regions of the illuminator output more intense
than others, which may make an otherwise eye safe illumi-
nator (at some given range) less eye safe.

It was found that, without the use of a diverger in the optical
feed the cone of light produced at its output was relatively
narrow and unsuitable for illuminating a large primary optical
element without the illuminator becoming excessively long.
A narrow beam illuminating a relatively close primary optical
element, or a beam having its illumination concentrated cen-
trally within the illumination cone is likely to result in the
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centre of the primary optical element being significantly
brighter than the periphery. This can make it less eye-safe,
particularly when the viewer is right next to the illuminator.
By incorporating a beam diverger as disclosed herein the
illumination spread across the primary optical element is
made more uniform. Its incorporation may therefore, depend-
ing upon the absolute illumination levels and the area of the
primary optical element, result in an illuminator being more
eye safe than without it (e.g. by decreasing the viewing ocular
hazard distance at which it is regarded as eye safe, or by
making an otherwise non-eye safe illuminator eye safe at all
viewing distances).

The solid angle of light output from an optical feed such as
a fibre is defined by its numerical aperture (NA). The NA is
described mathematically by NA=n'sin 0, where n is the
refractive index of the medium through which the light is
passing (usually of air in the embodiments described herein),
and 0 is the half angle of the cone of light emanating from the
optical feed.

Advantageously the numerical aperture of the outputs of
the optical feed, and the spacing between the output of the
feed and the primary optical element is matched to the diam-
eter of the primary optical element. Appropriate matching
will ensure that the light emanating from the feed illuminates
the full diameter of the at least one primary optical element,
without excessive illumination beyond this. In this manner
the full aperture of the at least one primary optical element is
used. Supplementary lenses may also be used in addition to
the diverger to tailor the illumination pattern from the optical
feed to the primary optical element, to assist in illuminating
the full aperture.

The diverger, helps to ensure that the light travelling in the
optical feed fills the available angular space as defined by the
NA in a uniform manner, so preventing “hot spots” in the
beam at the exit aperture of the illuminator and improving the
eye safety for a given optical output power. Preferably the
illuminator is arranged to be eye safe at zero range, by ensur-
ing that the illuminator power output divided by the optical
area of the primary optical element, i.e. the illuminator output
power density, is within eye safe limits.

The diverger may comprise one or more optical compo-
nents inserted between a pair of fibres, or it may be located at
an end of a single fibre. The diverger may comprise a plurality
of optical components, one of which is a diffuser.

The diffuser may have one or more lenses on one or both
sides thereof for coupling the light to and/or from the optical
feeds(s).

The diffuser may be an “engineered diffuser” of the type
produced by RPC Photonics or Rochester, N.Y., USA. This
has the advantage of having more of a “top hat” profile when
compared to a ground glass diffuser, which may result in
lower light losses caused by overspill. These also provide an
output angle of diffused light with varying input angles that is
more uniform than a ground glass diffuser. A holographic
diffuser may also provide similarly improved diffusion char-
acteristics compared to a ground glass diffuser.

The optical feed advantageously comprises one or more
optical fibres. These are simple to route through to different
locations in the illuminator due to their generally flexible
nature. The fibre is preferably highly multimode. The mix of
modes in the fibre helps to provide a more even illumination
at its output. The mode mixing improves as the light passes
down the fibre, so making it advantageous to have enough
length of fibre to provide a good mix. Multimode fibres are
generally larger in diameter than single mode fibres. In
embodiments where two fibres are used, with a beam diverger
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positioned between the two, the two fibres may have different
diameters. The second fibre may have a larger diameter than
the first.

The at least one primary optical element may be refractive,
reflective, or diffractive.

Conveniently the at least one primary optical element is a
curved, reflective surface. The curvature may conveniently be
parabolic or spherical. A parabolic curvature may advanta-
geously be employed if a higher quality illumination region is
required, particularly at lower F-numbers, where the diameter
of' the reflective surface may be larger. The parabolic surface
may be symmetric, or may alternatively be an off-axis
parabola. A spherical curvature is generally easier, and hence
cheaper, to manufacture, and may advantageously be
employed if any resulting spherical aberration, which may
lead to an uneven illumination profile, is tolerable.

Preferably, if a spherical mirror is employed then the
reflective surface thereof is formed on a glass substrate. This
is a relatively low cost option that is capable of producing
very good quality optical elements. Alternatively, the primary
optical element may be formed from a metal substrate by
methods such as electroforming or diamond turning or by any
other suitable means. A gold coated, diamond turned alu-
minium substrate, may conveniently be used to produce low
cost non spherical mirrors. The quality of the at least one
primary optical element has an effect upon the shape and
other characteristics of the illuminated region, particularly
when the illuminator has a low F-number and a narrow beam
angle is required. For use at longer ranges where low beam
divergence is more critical, and where a compact illuminator
having a low F-number is desired, better quality optical ele-
ments are preferably used to achieve the desired illumination
characteristics.

Alternatively the at least one primary optical element may
comprise a refractive element. Typically this will comprise a
convex lens having optical properties chosen according to the
wavelength of operation, the illumination range required and
the F-number required. The lens may be spherical or aspheric,
depending upon the illumination characteristics desired.

Alternatively the at least one primary optical element may
comprise a diffractive element, with a diffraction pattern cho-
sen according to the desired properties of the illumination
region, and the characteristics of the optical outputs from the
lasers. The design requirements of a suitable diffraction pat-
tern would be known to a normally skilled person in the art.

The laser may be modulated to effect a brightness control,
or to impose an information content upon the illumination
output, or for any other purpose. The illuminator may incor-
porate means for adjusting the distance between the output
end of the optical fibre and the at least one primary optical
element. In this manner a desired degree of de-focusing may
be introduced, whereby the size ofthe illuminated zone on the
area of interest may be varied. The focusing means may be
arranged to have a minimum focusing distance. A mechanical
or electronic interlock may be employed to prevent the illu-
minator focusing nearer than the minimum distance. By lim-
iting minimum focusing distance additional eye-safety is pro-
vided. Without this the illuminator output may be brought to
afocus so that the remote illuminating spot is smaller than the
optical area of the primary optical element. This may lead to
the power density at the focused remote illuminating spot
being greater than eye-safe limits. If the focus is limited to a
minimum distance where this cannot happen then the eye
safety of the illuminator will not be degraded with distance.
The focus may be limited to a minimum distance of infinity.
This may be done by limiting the maximum distance from the
output end of the optical fibre feed to that of the focal length
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of'the primary optical element. Moving the output end closer
to the primary optical element will create a divergent beam,
and hence one that is more eye-safe with increasing distance.
It will be understood that the range at which the illumination
is focused is not the same as the range between the illuminator
and the target. The focusing range merely gives control over
the spot size on the target. The illuminator may therefore
commonly be focused to a virtual point (or “beyond infinity™)
to provide an increased spot size on the target, wherever it
may be located.

The invention will now be described, by way of example
only, with reference to the following Figures, of which:

FIG. 1 diagrammatically illustrates a first embodiment of
the present invention;

FIG. 2 diagrammatically illustrates a second embodiment
of the present invention; and

FIG. 3 diagrammatically illustrates a diverger suitable for
use with the first or second embodiment.

FIG. 1 shows a first embodiment of the present invention.
IMluminator 1 comprises laser module 2, beam diverger 3,
optical fibre feed 4, supporting web 5, primary mirror 6, and
power supply and control unit (PSCU) 7. These components
are housed in a cylindrical housing 8.

A distal end 9 of the fibre feed 4 is supported by the web 5,
such that the output of the fibre feed 4 is directed towards the
primary mirror 6. The primary mirror 6 has a concave para-
bolic surface formed on a glass substrate and is gold coated to
optimise the reflectivity at the wavelength of operation. Mir-
ror 6 is moveable along the cylinder 8 to vary the distance
between it and the distal end 9 of the fibre feed 3. Movement
of mirror 6 thus provides a focusing action. A geared electric
motor system 12, controlled by the PSCU 7 is used to move
the mirror along the cylinder.

The laser module comprises an 845 nm laser diode oper-
ating at a nominal 2 W. Adjacent the laser module 2 the PSCU
7 provides power to the laser module 2, and to the focusing
motor 12. It receives its power from an external power source
(not shown). The PSCU 7 is also able to shutdown the laser
module if responses from sensors indicate that there may be a
safety issue. These sensors may be arranged to sense over and
under-temperature of the laser module, excessive power from
the laser, disconnection from network remote controller and
focusing out of range.

In use, power is switched on to the system, activating the
laser 2. Light 10 from the laser enters diverger 3 that contains
a glass diffuser, to produce a more angularly diffuse beam of
light. This is then collected and focused, by a pair of lenses,
onto the input of an optical fibre acting as the optical feed 4.
Thelight is emitted from the end of the fibre 4, in a cone shape
dictated by the NA of the fibre and the characteristics of the
diverger 3, to illuminate the mirror 6. The mirror 6 reflects this
light 11 (this being the illuminator output) along its optical
axis out to a target. A control signal, sent from a user control
panel (not shown), and received by PCSU 7 may be used to
initiate movement of the mirror 6 in order to adjust the focus
of the beam 11 to change the illumination spot size on the
target.

It was found that the light from different laser modules
varied considerably in terms of its solid angle of projection.
This made it difficult to use a lens based technique for increas-
ing the divergence angle of the light output from the laser, as
the optics associated with a purely lens based diverger would
then have to be tuned for each separate laser module. This
would increase the unit cost and also complicate repairs and
maintenance.

The average or instantaneous output power of the laser may
be controlled so as to implement a brightness control, or to

10

15

20

25

30

35

40

45

50

55

60

65

6

modulate the illumination. This may be done by any suitable
means. For example, the current controlling the laser may be
pulsed at an appropriate pulse repetition rate and duty cycle,
with the duty cycle being variable according to the desired
average brightness. The repetition rate may conveniently be
synchronised with a line rate of an associated camera sensor,
to reduce switching interference associated with the power
cycling of the laser. Alternatively, the brightness may be
controlled by reducing the steady state current to the laser.

The primary mirror 6 is a gold coated, diamond turned
aluminium parabolic mirror, although a spherical mirror may
also be used. The normally skilled person will be aware of the
design constraints and optical limitations of a given mirror
profile, this being a well understood field of optics. The gold
coating is particularly reflective at the wavelength of interest,
845 nm. The diameter of the mirror 6 in this embodiment is
200 mm, and the distance between the mirror 6 and the focal
point is 260 mm. The relative aperture or F number is there-
fore 1.3, this value being approximately matched to the diver-
gence of the light output from the fibre so that the cone of light
from the fibre fills the full diameter of the element 5. The
choice of a low F number enables the device to be made very
compact and light, which is convenient both for mechanical
mounting and for ease of directing the illuminator.

FIG. 2 shows a second embodiment 20 of the present
invention. This is generally similar to the first embodiment,
except for aspects of the optical feed and its relation to the
diverger, and the focusing mechanism. Only these differing
aspects will be discussed. Laser module 2 provides a laser
output to a first optical fibre 21. This in turn is optically
connected to diverger 22, which is connected to a second
optical fibre 23. The diverger 22 works in similar fashion to
that of the first embodiment except that it is adapted to be
coupled to optical fibres at both its input and output. This
provides more versatility in terms of where the diverger may
be located. Web 24 supports the distal end of second optical
fibre 23 so as to maintain correct orientation of the fibre 23
with the mirror 6. A geared electric motor 25, controlled by
PSCU 7, is arranged to control the position of the web 24, and
hence also the position of the output of fibre 23 in relation to
mirror 6, to provide a focusing action. The web 24 with
attached fibre 23 will in general be lighter than mirror 6, and
so it will often be more convenient to move this to implement
a focusing action rather than the mirror. This embodiment is
adapted to provide around 6 mm of movement of the web 24
to effect the focusing action. This provides a light cone of half
angle of between 2.5 and 12 milliradians.

FIG. 3 shows in more detail the diverger 22 of FIG. 2. It
comprises a diffuser element 30 and a pair of coupling lenses
31, 32. Light 33 enters the diffuser 22 from fibre 21 in a cone
othalf-angle 6, determined by the NA of the first fibre 21 and
the output beam from the laser feeding first fibre 21. This can
vary significantly between different laser units of the same
type, and so is relatively unpredictable. The light then passes
through diffuser element 30. This is an “engineered diffuser”
from RPC Photonics as discussed above. It has been found
that these produce a more consistent output in terms of their
diffusion characteristics (i.e. halfangle 6,) with varying input
characteristics, and hence provide a lower loss of light and a
more even final illumination of mirror 6. Lenses 31 and 32
receive light from the diffuser and focus it on an input of
second fibre 23. Light enters fibre 23 at half solid angle 0, that
is less variable than entry angle 6,. This light travels down
second fibre 23 and emerges to illuminate mirror 6 at the same
half solid angle 0;. In this embodiment 8,=0,, although this
need not be the case with other optical arrangements.
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Note that the diverger 22 is the same as diverger 3 in FIG.
1 with the exception of the input feed being adapted to receive
light from a fibre rather than a laser directly. The principle of
operation is therefore identical.

The diverger embodiment described in relation to FIG. 3 is
designed to feed a second optical feed (fibre 23). The lenses
31, 32 are chosen so as to bring the light from diffuser 22 to a
focus in the vicinity of the input of fibre 23, so as to collect a
significant amount of the light in the fibre. The light entering
fibre 23 is a cone of half angle greater than that of the light
emanating from fibre 21. The focal lengths of lenses 31, 32,
and their relative spacings are therefore chosen as appropriate
to focus the light as described. A suitable choice for the
lenses’ focal lengths and spacings would be made by the
normally skilled person to achieve the objective of taking
light from a first fibre (or the laser itself) and providing it as an
input to the second fibre.

There is a degree of light loss through the diverger, typi-
cally in the order of 1-2 dB. This loss can be compensated if
necessary by specifying the laser optical output power a simi-
lar amount higher.

The optics of the diverger may be arranged in any suitable
manner. For example, the diffuser element may be located
between a pair of lenses, the lenses being used to couple light
fromthe laser or a first fibre to a second fibre. Alternatively the
diverger may comprise of a diffuser (such as an engineered
diffuser or holographic element) placed at an output of the
optical feed, between it and the primary optical element. This
is a particularly simple embodiment, but has a disadvantage
that the diffuser may partially block light from being emitted
from the illuminator.

The invention as described herein has particular utility in
providing illumination for camera systems at medium to long
ranges. The range of use will vary according to characteristics
of a particular embodiment, but the invention may typically
beused over ranges from 30 m such as from 60 m such as from
100 m such as from 150 m, and may typically be used at
ranges up to 20 km, such as up to 5 km, such as up to 2 km,
such as up to 500 m. The practical range will be dependent
upon the aperture size of the illuminator, the illumination
power employed, and the stability of the mounting means
used. Of course it may be used at ranges outside of those
stated, but with diminishing capability (at the longer ranges).

An illuminator according to the invention may be mounted
on a pan and tilt unit, or other similar mounting means,
allowing it to be pointed in a range of directions. The pan and
tilt head may advantageously be powered, and controllable
remotely. The pan and tilt head may advantageously also
support an associated camera system, such that both the cam-
era and the illuminator move together. In this way, a consis-
tent alignment between the illuminator and an associated
camera system can be assured.

The present invention may advantageously be used along-
side camera systems able to operate a range-gating system.
The illuminator may be modulated such that it generates short
illumination pulses, of the order 30-100 ns, and the associated
camera system’s sensor gated to receive the pulse at a prede-
termined time, and for a predetermined duration, after its
transmission. By selecting these times light from the illumi-
nator reflected from targets only at a given range band will
enter the camera, the range corresponding to the propagation
delay of the illumination light from the illuminator to the
target and back.

Note that in this specification the terms “illuminator”,
“illumination” and their derivatives should not be limited in
scope to mean that they only relate to visible light. It will be
apparent to the normally skilled person that the illumination
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may be visible, ultra violet, or near infra-red or any combi-
nation of these. The invention may be used to produce an
illuminator that is eye safe at all ranges, or it may be used to
produce illuminators that are eye safe only beyond a given
range. The use of a diverger as disclosed herein however may
allow the minimum range at which an illuminator is deemed
to be eye safe to be reduced. Thus references to improved eye
safety in this specification should be taken to mean an
improvement over an otherwise similar illuminator not hav-
ing a diverger.

The above examples have been disclosed for illustrative
purposes, and those skilled in the art will appreciate that
various modifications, additions and substitutions are pos-
sible, without departing from the scope of the invention as
disclosed in the accompanying claims.

The invention claimed is:
1. A long range illuminator comprising:
a laser source having a laser power output, an optical feed
and a primary optical element having an associated opti-
cal area, wherein the optical feed is arranged to transfer
a light beam from the laser and provide it to the primary
optical element to produce an illuminator output,
wherein:
the optical feed includes a first optical fibre and a beam
diverger, the beam diverger including at least a light
diffuser, the beam diverger being arranged to gener-
ate, at an output of the optical feed, a cone of light to
the primary optical element of a substantially uniform
density across the optical area,

the beam diverger is coupled to the first optical fibre such
that light from the beam diverger passes into the first
optical fibre, the first optical fibre being arranged to
provide light to the primary optical element, and

the first optical fibre is a multimode fiber selected to
encourage mixing of modes within the fibre as light
from the beam diverger passes down the first optical
fibre,

wherein the primary optical element comprises a reflect-
ing element, and is arranged to provide illumination to
a range of at least 30 meter.

2. An illuminator as claimed in claim 1 wherein the laser
power output and the optical area of the primary optical
element are chosen such that the illuminator output power
divided by the optical area is within eye safe limits.

3. An illuminator as claimed in claim 1 wherein the light
diffuser comprises an engineered diffuser itself comprising
an array of microstructured elements arranged to produce a
uniform light intensity across an output beam.

4. An illuminator as claimed in claim 1 wherein the beam
diverger is arranged to receive light from a second optical
fibre, and to provide light to the first optical fibre.

5. An illuminator as claimed in claim 4 wherein a pair of
coupling lenses are arranged to couple light between an out-
put of the second optical fibre and an input of the first optical
fibre, the light also passing through the diffuser.

6. An illuminator as claimed in claim 4 wherein the engi-
neered diffuser receives light from the second optical fibre
and provides light to at least one coupling lens.

7. An illuminator as claimed in claim 1 wherein the at least
one primary optical element is a parabolic mirror.

8. An illuminator as claimed in claim 1 wherein the at least
one primary optical element is a spherical mirror.

9. An illuminator as claimed in claim 1 wherein the illumi-
nator additionally comprises a focuser adapted to change a
size of an illuminated zone on a target of interest.
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10. An illuminator as claimed in claim 9 wherein the
focuser is adapted to change a relative distance between the
primary optical element and a distal end of the optical feed.

11. An illuminator as claimed in claim 9 wherein the
focuser additionally comprises an interlock preventing the
illuminator output beam from being focused nearer than some
predetermined minimum distance.

12. An illuminator as claimed in claim 1 wherein a modu-
lator is included that is arranged to modulate the optical
power of the illuminator output.

13. An illuminator as claimed in claim 1 wherein the
numerical aperture of the first optical fibre is matched to the
diameter of the primary optical element.

14. A long range illuminator, the illuminator comprising:

a laser source having a laser power output, an optical feed

and a primary optical element having an associated opti-

cal area, wherein the optical feed is arranged to transfer

a light beam from the laser and provide it to the primary

optical element to produce an illuminator output,

wherein:

the optical feed includes a first optical fibre and a beam
diverger, the beam diverger including at least a light
diffuser, the beam diverger being arranged to gener-
ate, at an output of the optical feed, a cone of light to
the primary optical element of a substantially uniform
density across the optical area,

the beam diverger is coupled to the first optical fibre such
that light from the beam diverger passes into the first
optical fibre, the first optical fibre being arranged to
provide light to the primary optical element, wherein
the first optical fibre is a single optical fibre, and
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the primary optical element comprises a reflecting ele-
ment, and is arranged to provide illumination to a range
of at least 30 meters.
15. A long range illuminator, the illuminator comprising:
a laser source having a laser power output, an optical feed
and a primary optical element having an associated opti-
cal area, wherein the optical feed is arranged to transfer
a light beam from the laser and provide it to the primary
optical element to produce an illuminator output,
wherein:
the optical feed includes a first optical fibre and a beam
diverger, the beam diverger including at least a light
diffuser, the beam diverger being arranged to gener-
ate, at an output of the optical feed, a cone of light to
the primary optical element of a substantially uniform
density across the optical area,
the beam diverger is coupled to the first optical fibre such
that light from the beam diverger passes into the first
optical fibre, the first optical fibre being arranged to
provide light to the primary optical element, and
the first optical fibre is a multimode fibre selected to
encourage mixing of modes within the fibre as light
from the beam diverger passes down the first optical
fibre,
wherein the primary optical element is a reflecting ele-
ment, and is arranged to provide illumination to a
range of at least 30 meters, and
the illuminator further incorporates a focuser for focus-
ing the output beam, wherein the focuser is limited to
having a minimum focus distance of infinity.
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